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PRECEDING PAGE BLANK NOT FILMED. 
FOREWORD 

This  g los sa ry  p re sen t s  terminology and d e f i n i t i o n s  f r equen t ly  used i n  
t h e  technology r e l a t i n g  t o  thermal p ro tec t ion  as employed i n  t h e  extreme 
erivironments of  aerospace veh ic l e  systems. The d e f i n i t i o n s  presented  i n  t h i s  
g los sa ry  r e s u l t  from e f f o r t s  t o  achieve c l a r i t y  and conciseness ,  b u t  w i t h  
s u f f i c i e n t  g e n e r a l i t y  t o  enable progress  toward s t anda rd iza t ion  i n  nomen- 
c l a t u r e .  

D e f i n i t i o n s  t h a t  are unduly b i a s e d  toward p a r t i c u l a r  a p p l i c a t i o n s ,  
environments or m a t e r i a l s  c o n t r i b u t e  t o  a communications barrier between I 

workers i n  r e l a t e d  f i e l d s  as w e l l  as admin i s t r a to r s  of programs involv ing  
those  t echno log ica l  areas. It was t h e  recogni t ion  of such a communications 
problem t h a t  caused t h e  work on t h i s  g los sa ry  t o  be conceived, sponsored, 
and undertaken. The r e s u l t s  may be considered as r ep resen t ing  an  "average" 
usage i n  Government and i n d u s t r i a l  l abo ra to r i e s  a c t i v e  i n  t h e  technology. 
Cont r ibu t ions  from such groups were obtained by means of a s e r i e s  of b a l l o t s  
which provided for s e l e c t i o n  from among a l t e r n a t i v e  d e f i n i t i o n s ,  and s o l i c -  
i t e d  c r i t i c a l  review and comment. 
d e f i n i t i o n s  developed from t h e  r e s u l t s  of c r i t i c a l  review and b a l l o t i n g  
a r e  i n d i c a t e d  by a n  under l ine .  

Each of t hose  terms and phrases  having 

The cont inued i n t e r e s t  and cooperative e f f o r t s  a f fo rded  by t h e  members 
of t h e  C r i t i c a l  Review and Ba l lo t ing  Panel (see Appendix) are g r a t e f u l l y  
acknowledged as s i g n i f i c a n t  con t r ibu t ions  t o  t h i s  e f f o r t  toward t h e  develop- 
ment o f  uniform terminology app l i cab le  t o  t h e  thermal  p r o t e c t i o n  f i e l d  of 
technology.  

This  p r o j e c t  was performed f o r  t h e  Nat ional  Aeronaut ics  and Space 
Adminis t ra t ion  under t h e  provis ions  o f ,  and i n  p a r t i a l  f u l f i l l m e n t  of  
Cont rac t  NASr-182. Throughout t h e  course o f  t h e  p r o j e c t ,  l i a i s o n  was 
maintained w i t h  ASTM Committee E-21 on Space Simulat ion,  Subcommittee V I ,  
Sec t ion  3 on Abla t ion ,  and t h i s  g los sa ry  has been provided as input  t o  t h e  
work on d e f i n i t i o n s  going on wi th in  t h e  Committee. 

v 



ABLATION 

I ABLATION EFFICIENCY 

- E s s e n t i a l l y  a hea t  and mass t r a n s f e r  process  
i n  which thermal  energy i s  expended by a sacri- 
f i c i a l  loss of material. I n  t h e  process  hea t  
i s  absorbed, blocked, d i s s i p a t e d  and/or gener- 
a t e d  by mechanisms of :  Phase t r a n s i t i o n s  
(melt ing,  vapor i za t ion  and subl imat ion)  , mass 
t r a n s f e r  i n t o  t h e  boundary l a y e r ;  convect ion 
i n  t h e  l i q u i d  l a y e r  ( i f  one e x i s t s )  ; r a d i a n t  
energy t r anspor t ;  conduction i n t o  t h e  s o l i d  
body; chemical r e a c t i o n s ;  and e ros ion .  The 
r e l a t i v e  importance of each of  t h e s e  mech- 
anisms i s  dependent upon t h e  p a r t i c u l a r  m a t -  
e r i a l  and environment involved. 

- (This term i s  not recommended f o r  use .  The 
sense t h a t  it has on occasions been given i n  
t h e  t echn ica l  l i t e ra ture  is:  -The apparent  
hea t  absorbed or d i s s i p a t e d  pe r  u n i t  o f  mass 
removed from t h e  a b l a t i n g  specimen. 

- See EFFECTIVE HEAT OF ABLATION, EFFECTIVE 
HEAT CAPACITY.) 

ABLATION, LINEAR RATE OF - The v e l o c i t y  of r eces s ion  of an a b l a t i n g  su r face ,  

material, t h e  r eces s ion  r a t e  may a l t e r n a t i v e l y  
r e f e r  t o  the  py ro lys i s  i n t e r f a c e .  

I measured normal t o  t h e  su r face .  For a cha r r ing  

ABLATION, MASS RATE OF 

ABLATIVE COOLING 

ABLATIVE MATERIAL \* 

ABLATOR 

- The t ime rate of  mass change p e r  u n i t  area of 
t h e  ab la t ing  su r face .  

- A reduct ion i n  t h e  hea t  t r a n s f e r  t o  a system 
o r  component thereof ,due  t o  a b l a t i o n  i n  a 
r e l a t e d  p ro tec t ive  system or component. 

See ABLATION. - 
- A m a t e r i a l  designed or formulated s o  as t o  

d i s s i p a t e  inc ident  hea t  by degrading through 
t h e  process of a b l a t i o n .  

- A thermal  p ro tec t ion  system, or t h e  component 
t h e r e o f ,  t h a t  b locks or r e t a r d s  hea t  t r a n s f e r  
t o  t h e  underlying s t r u c t u r e  by t h e  process  of 
a b l a t i o n .  

1 



ABSOLUTE VISCOSITY 
I 

ABSORPTANCE v 

I ABSORFTIVI!I!Y / 

ADIABATIC EFFICIENCY 'L 

- The ratio of  t h e  shea r ing  s t r e s s e s  t o  t h e  t i m e  
r a t e  of change of s t r a i n  (deformation) i n  a 
flowing f l u i d .  The t i m e  ra te  of  s t r a i n  may be 
expressed i n  terms of  v e l o c i t y  g r a d i e n t s .  (Also 
r e f e r r e d  t o  as t h e  c o e f f i c i e n t  of v i s c o s i t y  and 
dynamic v i s  cos it y . ) 
See. DYNAMIC VISCOSITY. - 

- (1) A property of a body, def ined  as t h e  r a t i o  
of the rate of abso rp t ion  of  r a d i a n t  energy 
t o  the ra te  of incidence of r a d i a n t  energy 
upon the  body. 

(2) The r ad ian t  power p e r  un i t ,  a r e a  absorbed by 
a body. 

E d i t o r ' s  Note: The cons iderable  e f f o r t s  toward 
s tandard iza t ion  of r a d i a t i o n  terminology have 
not as yet  r e s u l t e d  i n  broadly  accepted d e f i -  
n i t i o n s .  U n t i l  a s tandard  is  accepted,  it may 
be advisable  t o  s t a t e  d e f i n i t i o n s  w i t h i n  r e p o r t s  
and papers t o  avoid m i s i n t e r p r e t a t i o n .  

- A s p e c i a l  case of absorptance;  a b s o r p t i v i t y  i s  
a fundamental p roper ty  of  a material, def ined  
as t h e  absorptance o f  a specimen t h a t  has an  
o p t i c a l l y  smooth su r face  and i s  s u f f i c i e n t l y  
t h i c k  t o  be opaque. 

E d i t o r ' s  Note: The cons iderable  e f f o r t s  toward 
s t anda rd iza t ion  of r a d i a t i o n  terminology has not  
r e s u l t e d  i n  broadly  accepted d e f i n i t i o n s .  U n t i l  
a s tandard i s  accepted it may be advisable  t o  
state d e f i n i t i o n s  i n  r e p o r t s  and papers  t o  avoid 
mis in t e rp re t a t ion .  

- The degree t o  which a change i n  state w i t h i n  a 
thermodynamic system approaches a n  a d i a b a t i c  
(no hea t  t r a n s f e r  ac ross  boundaries  of t h e  
system) process.  (For a flow process  i n  which 
energy i s  removed, t h e  a d i a b a t i c  e f f i c i e n c y  can 
be def ined  as t h e  r a t i o  of t h e  actual change 
i n  enthalpy t o  t h e  change i n  en tha lpy  t h a t  would 
have occurred had no hea t  been removed from t h e  
system. ) 
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ADIABATIC PROCESS ,, - A thermodynamic process  i n  which h e a t  i s  n e i t h e r  
added to ,nor  removed from t h e  system involved. 
When t h e  process  i s  r e v e r s i b l e  it i s  c a l l e d  
i s en t rop ic .  

ADIABATIC WALL - A boundary t h a t  i s  a p e r f e c t  hea t  i n s u l a t o r  
( n e i t h e r  emits nor absorbs hea t )  i n  a thermo- 
dynamic system. In boundary l a y e r  t heo ry ,  t h e  
wa l l  condi t ion  i n  which t h e  temperature  g rad ien t  
a t  t h e  wal l  i s  zero.  

ADIABATIC WALL TEMPERATUREL - - See RECOVERY TEMPERATURE 

- The t r a n s f e r  of hea t  t o  a body due t o  r e l a t i v e  
motion between t h e  body and t h e  surrounding 
atmosphere. Flow of t h e  gas r e l a t i v e  t o  t h e  
sur face  of t h e  body r e s u l t s  i n  d i s s i p a t i o n  of 
energy as h e a t .  

/’ 
AERODYNAMIC HEATING 

AEROTHERMODYNAMICS L - The s tudy of t h e  i n t e r r e l a t e d  aerodynamic and 
thermodynamic problems a s soc ia t ed  wi th  aero-  
dynamic hea t ing  . 

BLACK BODY ~- 

BOUNDARY LAYER ,,-, 

- A b l ack  body, o r  i d e a l  r a d i a t o r ,  i s  a t h e o r e t -  
i c a l  concept and may be def ined  e i t h e r  as a 
body which completely absorbs a l l  r a d i a t i o n  
inc iden t  upon it ,  o r  as a r a d i a t o r  which a t  any 
s p e c i f i e d  temperature emits t h e  maximum p o s s i b l e  
amount of thermal  r a d i a t i o n  a t  a l l  wavelengths.  
A b l ack  body i s  a s tandard  wi th  which t h e  radi- 
a t i o n  c h a r a c t e r i s t i c s  of o the r  bodies  may be 
compared. 

- A l a y e r  of f l u i d  ad jacent  t o  t h e  su r face  of a 
body where t h e  e f f e c t s  of t r a n s p o r t  p r o p e r t i e s  
( v i s c o s i t y ,  thermal  conduct iv i ty  and d i f f u s i v i t y )  
are important,  and g rad ien t s  of v e l o c i t y ,  and/or 
temperature,  and/or spec ie  concen t r a t ion  occur.  
The boundary l a y e r  t h i ckness  i s  def ined  as t h e  
d i s t ance  along a normal from t h e  su r face  t o  an  
a r b i t r a r i l y  chosen p o i n t ,  e . g . ,  where t h e  va lue  
of  t h e  p a r t i c u l a r  v a r i a b l e  of concern a t t a i n s  
99% of t h e  l o c a l  free s t ream o r  bu lk  f l u i d  
va lue .  

- See CONCENTRATION BOUNDARY LAYER, THERMAL 
BOUNDARY LAYER, and VELOCITY BOUNDARY LAYER. 
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BRIGHTNESS TEMPERATURE i 

BULK TEMPERATURE 

- The temperature corresponding t o  t h e  b l ack  body 
emission spectrum curve which j u s t  touches t h e  
emission spectrum curve of t h e  body be ing  ob- 
served.  Since t h e  emit tance of t h e  su r face  
cannot be g r e a t e r  t han  u n i t y ,  t h i s  temperature  
i s  a lower l i m i t  f o r  t h e  observed su r face .  
Comparisons of emission s p e c t r a  a r e  commonly 
made i n  some narrow wavelength i n t e r v a l  cen te red  
a t  0.65 microns. 

E d i t o r ' s  Note: For an a b l a t i n g  body, t h e  t e m -  
pe ra tu re  determined by t h e  ind ica t ed  method may 
be more appropr i a t e ly  l abe led  as t h e  ''minimum 
surface temperature.  " 

- I n  hea t  t r a n s f e r ,  t h e  temperature  of t h e  bu lk  
of t he  f l u i d .  More p r e c i s e l y ,  for i n t e r n a l  
f low, t h e  weighted mean temperature  of t h e  
f l u i d  i n  a c r o s s  s e c t i o n ;  i n  e x t e r n a l  f low, 
t h e  temperature of t h e  f l u i d  at a s u f f i c i e n t l y  
l a rge  d is tance  from any sur face  so  t h a t  t h e  
l o c a l  temperature g rad ien t  i s  e f f e c t i v e l y  zero .  

I CATALYTIC HEAT TRANSFER - Heat t r a n s f e r  t o  t h e  sur face  of a body i n  a I 

d i s soc ia t ed  f l u i d  due t o  c a t a l y t i c  recombination 
at or  near t h e  su r face .  

I 

CHAR - - A r e s idue  of r i g i d ,  porous s t r u c t u r e  r e s u l t i n g  
from severe thermal  degradat ion of  an organic  
material. Also o f t e n  used t o  refer  t o  any 
s o l i d  res idue  formed by thermal  degrada t ion  of 
a ma te r i a l .  

CHEMICAL HEATING - Heating r e s u l t i n g  from exothermic chemical re- 
a c t i o n s .  

CONCENTRATION BOUNDARY 
LAYER - - That l aye r  of f l u i d  ad jacent  t o  a boundary or 

su r face ,  i n  which a spec ies  concent ra t ion  gra-  
d i e n t ,  normal t o  t h e  su r face ,  occurs .  

2_ See BOUNDARY LAYER. 

- See ABSOLUTE VISCOSITY. - COEFFICIENT OF VISCOSITY 

DISSOCIATION - The r e v e r s i b l e  s p l i t t i n g  of a molecule i n t o  
simpler u n i t s ,  such as smaller molecules,  
atoms o r  ions.  

4 



DYNAMIC VISCOSITY - The same phys ica l  p rope r ty  as ABSOLUTE VISCOSITY, 
t h e  d i f fe rence  i s  merely t h e  system of u n i t s  
used i n  t h e i r  eva lua t ions .  For example, i n  
engineering u n i t s ,  

IL (lbm/sec f t)  
Ff (lbf sec/ft2) = 

gC 

Where w f  is dynamic v i s c o s i t y ,  p i s  abso lu te  
v i s c o s i t y ,  and gc i s  t h e  dimensional conversion 
f a c t o r ,  32.2 f t  lbm/lbf  see'. 

EFFECTIVE HEAT OF ABLATION - A f i g u r e  of m e r i t  def ined  f o r  a material sub- 
j e c t e d  t o  s t eady- s t a t e  hea t ing  condi t ions  and 
undergoing s t eady- s t a t e  a b l a t i o n .  The q u a n t i t y  
represents  t h e  hea t  d i s s i p a t e d  pe r  u n i t  mass of 
a b l a t e d  ma te r i a l .  The e f f e c t i v e  hea t  of ab la -  
t i o n  r e l a t e s  t o  t h e  complex i n t e r a c t i o n  between 
t h e  ab la t ing  m a t e r i a l  and i t s  environment, and 
consequently i s  not a cons tan t  p rope r ty  of a 
given ma te r i a l ,  b u t  r a t h e r  i t s  magnitude depends 
on both  the material 's  p r o p e r t i e s  and cha rac t e r -  
i s t i c s  of t h e  exposure environment. 

EFFECTIVE HEAT CAPACITY - The r a t i o  denot ing t h e  t o t a l  amount of cold-wal l  
hea t  input  accomodated pe r  u n i t  mass of an  abla- 
t ive  hea t  s h i e l d ,  before  t h e  back-face temper- 
ature exceeds a s p e c i f i e d  maximum. This  o v e r a l l  
performance parameter can be used t o  i n d i c a t e  
both  ab la t ion  and i n s u l a t i o n  th i ckness  r e q u i r e -  
ments f o r  s p e c i f i e d  maximum increase  i n  r e a r  
sur face  temperature and cold-wal l  hea t  i npu t .  

E d i t o r ' s  Note: 
only l imi ted  acceptance by workers i n  t h i s  f i e l d .  

This  parameter has been a f fo rded  

EFFECTIVENESS OF ABLATION - See EFFECTIVE HEAT CAPACITY. - 
MATERIAL 

E d i t o r ' s  Note:  This  terminology i s  p r e f e r r e d  
by some inves t iga to r s  t o  descr ibe  t h e  pe r -  
formance parameter i nd ica t ed  i n  t h i s  g l o s s a r y  
as EFFECTIVE HEAT CAPACITY. 

EMISSIVITY - Emissivi ty ,  a c h a r a c t e r i s t i c  of a m a t e r i a l ,  i s  
t h e  r a t i o  of  t h e  ra te  of  emission of r a d i a n t  
energy from a n  opaque and o p t i c a l l y  smooth 
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specimen of t h a t  m a t e r i a l  as a consequence of 
i t s  temperature only ,  t o  t h e  corresponding r a t e  
for a black body a t  t h e  same temperature .  

I EMITTANCE 

I 

ENDOTHERMIC REACTION 

ENTHALPY 

- See EMITTANCE ( emis s iv i ty  i s  a s p e c i a l  case  of 
emi t tance) .  

E d i t o r ' s  Note: The cons iderable  e f f o r t s  toward 
s tandard iza t ion  of r a d i a t i o n  terminology have 
not as yet  r e s u l t e d  i n  broadly  accepted d e f i -  
n i t i o n s .  U n t i l  a s tandard  i s  accepted ,  it may 
be advisable  t o  state d e f i n i t i o n s  w i t h i n  r e p o r t s  
and papers t o  avoid m i s i n t e r p r e t a t i o n .  

Emittance, a c h a r a c t e r i s t i c  of a body o r  p o r t i o n  
of a body ( r a t h e r  t h a n  t h e  material composing 
i t),  which a t  any cons tan t  temperature ,  i s  t h e  
r a t i o  o f  a r a t e  of emission of r a d i a n t  energy by 
t h e  body as a consequence of i t s  temperature  
only,  t o  the corresponding rate f o r  a b lack  body 
a t  t h e  same temperature .  [Emittance v a r i e s  wi th  
viewing angle and thus  must be q u a l i f i e d  as t o  
whether it r e l a t e s  t o  a p a r t i c u l a r  angle  (as i n  
"normal emittance") or whether it i s  i n t e g r a t e d  
over t h e  range of angles  (hemispherical  emit- 
tance")  . 
per t a in ing  t o  t h e  range of wavelengths observed, 
whether a very  l i m i t e d  range ( " s p e c t r a l  emit- 
tance")  or a l l  wavelengths of r a d i a t i o n  ( " t o t a l  
emittance") 1.  

Fur ther  q u a l i f i c a t i o n  is  r equ i r ed  

E d i t o r ' s  Note: The cons iderable  e f f o r t s  toward 
s t anda rd iza t ion  of r a d i a t i o n  terminology have 
not as ye t  r e s u l t e d  i n  broadly  a c c e p t e d , d e f i -  
n i t i o n s .  U n t i l  a s tandard  i s  accepted ,  it may 
be advisable  t o  s ta te  d e f i n i t i o n s  wi th in  r e p o r t s  
and papers t o  avoid m i s i n t e r p r e t a t i o n .  

Designating or r e f e r r i n g  t o  a chemical r e a c t i o n  
i n  which heat i s  absorbed (corresponding t o  a n  
increase  i n  en tha ipy)  . 
A thermodynamic proper ty ,  or s t a t e  v a r i a b l e  
def ined as: H=U + pV where H i s  en tha lpy ,  U 
i s  t h e  i n t e r n a l  energy of t h e  system, p i s  t h e  
p re s su re ,  and V i s  t h e  volume. Sometimes a l s o  
c a l l e d  "heat conten t" .  

6 



EROSION 

EXOTHERMIC REACTION 

I FILM COOLING 

FLUX - 

- The wearing away of su r face  m a t e r i a l  due t o  t h e  
a c t i o n  of moving l i q u i d s  o r  gases ;  may be acce l -  
e r a t e d  by presence of suspended s o l i d  p a r t i c l e s  
and i n  some cases  by co r ros ive  a c t i o n  of t h e  
f l u i d ,  

- Designating o r  r e f e r r i n g  t o  a chemical r e a c t i o n  
i n  which energy i s  l i b e r a t e d  as hea t  ( co r re -  
sponding t o  a decrease i n  en tha lpy ) ,  

- A reduct ion of  h e a t  t r a n s f e r  t o  a body due t o  a 
r e l a t i v e l y  s t a b l e  f i l m  of f l u i d  forming over t h e  
sur face .  The f i l m  may be t h e  r e s u l t  of a t h e r -  
mal ly  induced phase change i n  t h e  sur face  mate- 
r i a l  o r , i n j ec t ed  through holes  or s l o t s  i n  t h e  
sur face  or  through a porous su r face .  

See I N J E C T I O N  COOLING, MASS TRANSFER COOLING, 
and TRANSPIRATION COOLING. 
- 

- The ra te  of flow which i s  t h e  q u a n t i t y  of  mass, 
momentum and/or energy which c rosses  o r  pas ses  
through a u n i t  a r e a  i n  a u n i t  of t ime.  

FREE-MOLECULE FLOW REGIME - That flow regime of  gas dynamics cha rac t e r i zed  
by t h e  mean f r e e  pa th  ( t h e  average d i s t a n c e  
t r a v e l l e d  by a molecule between c o l l i s i o n s  wi th  
o the r  molecules) being much l a r g e r  t han  t h e  
c h a r a c t e r i s t i c  dimension of t h e  body i n  t h e  
flow f i e l d ,  so  t h a t  molecule-molecule c o l l i s i o n s  
are negl ig ib le  i n  comparison wi th  molecule t o  
body-surface c o l l i s i o n s .  

GAS DYNAMIC HEATING 

GASIFICATION RATIO 

HEAT OF ABLATION 

- See AERODYNAMIC HEATING. 

- That f r a c t i o n  of t h e  mass l o s t  by an a b l a t i n g  
s o l i d  which e n t e r s  t h e  gas phase; 

Mass Vaporizat ion Rate 
Mass Abla t ion  Rate Gas i f i ca t ion  Rat io= 

- The t o t a l  of  t h e  inc iden t  hea t  t h a t  an a b l a t i v e  
material d i s s i p a t e s  per  u n i t  mass ab la t ed .  

See EFFECTIVE HEAT OF ABLATION, EFFECTIVE HEAT 
CAPACITY. 
.__ 
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I 

HEAT CONTENT - - See ENTHALPY. 

HEAT OF DECOMPOSITION - The amount of hea t  absorbed or l i b e r a t e d  p e r  
u n i t  mass of m a t e r i a l  due t o  t h e  chemical r e -  
a c t i o n s  a s soc ia t ed  wi th  a change o r  breakdown 
of t h e  molecular s t r u c t u r e  of  t h e  m a t e r i a l .  

HEAT SINK 

HEAT STORAGE 

- The element of  a system,which by v i r t u e  of i t s  
thermal  p rope r t i e s  i s  capable  of  absorbing l a r g e  
amounts of h e a t  re la t ive t o  t h e  hea t  contained 
wi th in  the system. 
i s  used t o  remove hea t  from t h e  system under 
cons idera t ion .  

Such a material ( o r  device)  

- Retent ion of hea t  i n  a body, accomodated by an  
inc rease  of i t s  temperature and/or phase change 
or chemical r e a c t i o n .  

E d i t o r ' s  Note: The phase "heat  s torage"  i n -  
volves  a con t r ad ic t ion  of words s i n c e  hea t  i s  
a t r a n s i e n t  form of energy; it i s  not  recommended 
terminology. 

HEAT TRANSFER, CONDUCTION - A process  by which hea t  i s  t r a n s f e r r e d  from a 
reg ion  of h ighe r  temperature  t o  a r eg ion  of  
lower temperature w i t h i n  a medium ( s o l i d , l i q u i d ,  
or g a s ) ,  o r  between mediums i n  d i r e c t  phys i ca l  
c o n t a c t ,  The process  does not. involve r e l a t i v e  
motion between t h e  h igher  and lower temperature  
p a r t i c l e s .  

- See HEAT TRANSFER, CONVECTION and HEAT TRANSFER, 
RADIATION. 

HEAT TRANSFER, CONVECTION - A process  of t r a n s p o r t a t i o n  and exchange of 
thermal  energy i n  f l u i d s  due t o  a combination 
of mixing motion between h igher  and lower t e m -  
p e r a t u r e  por t ions  of t h e  f l u i d  mass, and t h e  
hea t  conduction process .  

- See HEAT TRANSFER, CONDUCTION. 

HEAT TRANSFER, RADIATION - A process  of thermal  energy t r ansmiss ion  by 
electromagnet ic  waves between bodies  o r  masses 
( s o l i d s  or f l u i d s )  t h a t  are sepa ra t ed  i n  space.  
The quan t i ty  and d i r e c t i o n  o f  energy t r a n s f e r  
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depend upon t h e  r a d i a t i o n  emission and absorp- 
t i o n  c h a r a c t e r i s t i c s ,  temperature ,  and s p a t i a l  
r e l a t i o n s h i p  of t h e  bodies  involved, as w e l l  
as t h e  r ad ia t ion  t ransmiss ion  c h a r a c t e r i s t i c s  
of t h e  intervening medium. 

HEMISPHERICAL EMITTANCE - In tegra ted  emit tance t h a t  would be in t e rcep ted  
by a hemisphere pos i t i oned  over a segment of t h e  
su r face  (circumscribed by t h e  g r e a t  c i r c l e  of  
t h e  hemisphere) of a body emi t t i ng  r a d i a t i o n .  

See EMITTANCE. 

E d i t o r ' s  Note: The cons iderable  e f f o r t s  toward 
s tandard iza t ion  of r a d i a t i o n  terminology have 
not a s  yet r e s u l t e d  i n  broadly  accepted d e f i n i -  
n i t i o n s .  U n t i l  a s tandard  i s  accepted it may 
be advisable  t o  s t a t e  d e f i n i t i o n s  wi th in  r e p o r t s  
and papers t o  avoid mis in t e rp re t a t ion .  

HYDRODYNAMIC BOUNDARY LAYER - See VELOCITY BOUNDARY LAYER. - 
HYPERSONIC FLOW 

HYPERSONICS 

IMPACT PRESSURE 

INDUCTION TIME 

- Flu id  flow a t  ve ry  h igh  supersonic  speeds i n  t h e  
Mach number range o f  t h e  order  of 5 o r  g r e a t e r .  
(Mach 5 i s  a n  a r b i t r a r y  lower l i m i t  and has no 
s igni f icance  a p a r t  from having been f r equen t ly  
used i n  t h i s  contex t . )  

- That branch of aerodynamics t h a t  dea l s  w i t h  very 
high supersonic speeds,  sometimes def ined  as 
r e l a t i n g  t o  Mach numbers of 5 o r  g r e a t e r .  

- See PITOT PXESSURE. 

- E d i t o r ' s  Note: The s e v e r a l  d e f i n i t i o n s  asso-  
i a t e d  w i t h  t h i s  phrase i n  t h e  t e c h n i c a l  l i t e r -  
a t u r e  a r e  i n c o n s i s t e n t .  A s i g n i f i c a n t  consensus 
was not achieved by t h e  p a n e l i s t s  con t r ibu t ing  
t o  t h i s  g lossary .  Frequent ly  employed d e f i n i -  
n i t i o n s  are: 

(1) The t i m e  i n t e r v a l  from t h e  i n i t i a t i o n  of a 
process (such as a b l a t i o n  or combustion) 
u n t i l  a cons tan t  r a t e  i s  e s t a b l i s h e d .  

(2)  The time i n t e r v a l  which would be r equ i r ed  
t o  accumulate t h e  thermal  energy s t o r e d  i n  

9 



I "  
I 

INJECTION COOLING 

I 
INTUMESCENT INSULATOR 

I 

~ KINEMATIC VISCOSITY 

I 

KNUDSEN NUMBER 

LAMINAR FLOW 

LIQUID FILM COOLING 

t h e  s t eady- s t a t e  temperature  d i s t r i b u t i o n  
of t he  body, i f  no hea t  were c a r r i e d  away 
by ab la t ion .  

- See TRANSIENT PERIOD. 

- A form of mass t r a n s f e r  cool ing  accomplished by 
i n j e c t i n g  a f l u i d  i n t o  t h e  l o c a l  f low f i e l d  
through openings i n  t h e  su r face  of a body, t o  
reduce the hea t  t r a n s f e r  ra te  t o  t h e  underlying 
body by: 
f l u i d ;  thickening of  t h e  boundary l a y e r  so  t h a t  
temperature and v e l o c i t y  g r a d i e n t s  near a n d ,  
normal t o t h e  su r face  a r e  reduced; and i n  some 
cases  by modifying t h e  flow f i e l d ,  as by forward 
i n j e c t i o n  t o  a l t e r  t h e  shape and p o s i t i o n  of  a 
shock wave. 

absorp t ion  o f  energy by t h e  i n j e c t e d  

See MASS TRANSFER COOLING and TRANSPIRATION - 
COOLING. 

- A ma te r i a l  which expands, swe l l s ,  or bubbles up 
upon heat ing and the reby  incu r s  a r educ t ion  of 
i t s  e f f e c t i v e  thermal  conduct iv i ty .  

- The r a t i o  of t h e  abso lu te  v i s c o s i t y  of a f l u i d  
t o  i t s  dens i ty .  

- The r a t i o  of t h e  molecular mean f r e e  pa th  i n  a 
gas t o  some s i g n i f i c a n t  dimension of a body 
moving i n  the gas .  This r a t i o  i s  a measure of 
t h e  degree of  r a r e f a c t i o n  of t h e  gas .  
molecular mean free pa th  ( t h e  average d i s t ance  
t r a v e l e d  by a molecule between c o l l i s i o n s )  i s  
of t h e  same order  of magnitude as a s i g n i f i c a n t  
dimension of t h e  body, t h e  flow i s  considered 
rarefied. 

When t h e  

- A smooth flow i n  which no random motion o r  
cross-flow, o the r  t han  molecular motion, occurs;  
hence a f l o w  thought o f  as being comprised of 
t h i n  p a r a l l e l  l a y e r s .  

- See FILM COOLING. - 
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I LOW TEMPERATlTRE ABLATOR 

I 

MACH NUMBER I 

I 

I 
~ MASS TRANSFER COOLING 

I 

- An ab la t ive  material, u sua l ly  organic  i n  com- 
p o s i t i o n ,  the  su r face  o f  which w i l l  not exceed 
an a r b i t r a r i l y  e s t a b l i s h e d  temperature  l i m i t  
( u sua l ly  1800F), r e g a r d l e s s  of t h e  inc iden t  
hea t  f lux.  

E d i t o r ' s  Note: The usefu lness  of t h i s  t e r m i -  
nology i s  quest ionable  and was s t rong ly  cha l -  
lenged ky seve ra l  of the p a n e l i s t s  c o n t r i b u t i n g  
t o  t h i s  glossary due t o  t h e  ve ry  arbitrary t e m -  
pe ra tu re  l i m i t  i n d i c a t e d  f o r  low temperature  
ablative ma te r i a l s .  

- A number expressing t h e  r a t i o  of t h e  v e l o c i t y  
of a body, o r  o f  a p o i n t  on a body, wi th  r e -  
spec t  t o  the surrounding f l u i d ,  or t h e  r a t i o  o f  
t h e  v e l o c i t y  of f l u i d  flow, t o  t h e  l o c a l  speed 
of sound i n  t h e  f l u i d .  

- A c l a s s  of cool ing  techniques cha rac t e r i zed  by 
an  energy-consuming expendi ture  of  mass ( s o l i d ,  
l i q u i d  or g a s ) .  Included i n  t h i s  c l a s s  o f  
cool ing techniques are a b l a t i o n ,  i n j e c t i o n  
cool ing,  and t r a n s p i r a t i o n  cool ing,  each having 
i t s  own pecu l i a r  mechanism and a d d i t i o n a l  cool-  
ing  c h a r a c t e r i s t i c s .  

- See ABLATION, I N J E C T I O N  COOLING, and TRANSPIRA- 
TION COOLING. 

MASS TRANSPIRATION COOLING - - See TRANSPIRATION COOLING. 

NORMAL EMITTANCE - Emittance i n  t h e  d i r e c t i o n  perpendicular  t o  t h e  
specimen sur face .  

See EMITTANCE. - 
NUSSELT NUMBER - A dimensionless number r e l a t i n g  convect ive t o  

conductive hea t  t r a n s f e r  between a s o l i d  bound- 
a r y  and a moving f l u i d ,  def ined  by t h e  equat ion:  

hL NU = -  k 

where h i s  t h e  convect ive hea t  t r a n s f e r  co- 
e f f i c i e n t ,  L i s  t h e  c h a r a c t e r i s t i c  dimension 
of t h e  body, and k i s  t h e  thermal  conduc t iv i ty  
of t h e  f l u i d .  
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i PITOT PRESSUIXL 
I 

PLASMA 

I PLASMA SHEATH 

I PRANDTL NUMBER 
I 

PYROLYSIS 

- The experimental ly  determined pressure  of t h e  
f l u i d  at the  p o i n t  of s t agna t ion  ( ze ro  v e l o c i t y )  
on a forward-facing p i t o t  probe ( tube)  around 
which the  f l u i d  flows. ( I n  subsonic flow, p i t o t  
p ressure  is equa l  t o  t h e  s t agna t ion  p res su re  
only i f  the flow remains i n  thermodynamic equi-  
librium. I n  supersonic  flow, t h e  p i t o t  p re s su re  
is t h e  s tagnat ion  p res su re  behind a normal shock 
and the re fo re  i s  l e s s  t han  t h e  s t agna t ion  p res -  
su re  of  the f r e e  s t ream.)  

See STAGNATION PRESSURE. - 
- An e l e c t r i c a l l y  conductive gas  comprised o f  

n e u t r a l  p a r t i c l e s ,  ion ized  p a r t i c l e s  and f ree  
e l ec t rons  b u t  which, taken  as a whole, i s  
e l e c t r i c a l l y  n e u t r a l .  

- An envelope of p a r t i a l l y  ionized gas t h a t  
surrounds a body moving r e l a t i v e  t o  an  atmos- 
phere at hypersonic v e l o c i t y .  

- A dimensionless parameter which i n d i c a t e s  t h e  
s ign i f i cance  of momentum t r a n s p o r t  r e l a t i v e  
t o  hea t  t r a n s p o r t  i n  a f l u i d  flow, def ined  
by t h e  equation: 

where p is  t h e  v i s c o s i t y  c o e f f i c i e n t ,  c i s  t h e  
s p e c i f i c  h e a t  a t  cons tan t  p re s su re ,  and k i s  t h e  
c o e f f i c i e n t  of thermal  conduct iv i ty .  

P 

- Chemical decomposition of a m a t e r i a l  brought 
about by t h e  a c t i o n  of hea t .  
of thermal p r o t e c t i o n ,  t h i s  t e r m  gene ra l ly  re- 
l a t e s  t o  t h e  breakdown of complex materials, 
such as polymeric compounds, i n t o  s impl i e r  
u n i t s ,  such as gases  and cha r . )  

( I n  t h e  technology 

RECOVERY TEMPERATURE - The s t eady- s t a t e  temperature a t t a i n e d  by t h e  
su r face  of a body immersed i n  a f l u i d  flow 
when heat conduction t o  t h e  i n t e r i o r  of  t h e  
body and h e a t  loss  by r a d i a t i o n  a r e  bo th  zero.  
This  temperature i s  a l s o  r e f e r r e d  t o  as "adia-  
bat ic  wal l  temperature" ,  

. 



REFLECTANCE 

1 

RESERVOIR PRESSURE 

~ REYNOLDS NUMBER 

SCHMIDT NUMBER 

SENSIBLE ATMOSPHERE 

SENSIBLE HEATING 

- The r a t i o  o f  t h e  r a d i a n t  flux r e f l e c t e d  by a 
body t o  t h a t  i nc iden t  upon it. 

E d i t o r ' s  Note:  
formity i n  d e f i n i t i o n s  app l i ed  t o  r a d i a t i o n  
terminology, it may be advisable  t o  s ta te  
d e f i n i t i o n s  w i t h i n  r e p o r t s  and papers  t o  avoid 
mis in t e rp re t a t  ion .  

Because of p reva len t  nonuni- 

- The free-s t ream t o t a l  p ressure  (as u s u a l l y  
appl ied  t o  wind t u n n e l  o r  o the r  experimental  
work). 

See TOTAL PRESSURE and STAGNATION PRESSURE. - 
- A dimensionless parameter r ep resen t ing  t h e  r a t i o  

of t h e  i n e r t i a l  f o r c e s  t o  t h e  v iscous  f o r c e s  i n  
a f l u i d  flowing r e l a t i v e  t o  a body. It i s  
usua l ly  expressed as: 

where p i s  t h e  d e n s i t y  of  t h e  f l u i d ,  U i s  t h e  
f l u i d  ve loc i ty ,  L i s  a c h a r a c t e r i s t i c  dimension 
of t h e  body, and p i s  t h e  c o e f f i c i e n t  of  vis-  
c o s i t y  of t h e  f l u i d .  

- A dimensionless parameter which i n d i c a t e s  t h e  
s ign i f icance  of momentum t r a n s p o r t  t o  mass 
t r a n s p o r t  i n  a f lowing f l u i d .  Defined by: 

where p i s  t h e  v i s c o s i t y  c o e f f i c i e n t  p i s  t h e  
dens i ty  and Dv i s  mass d i f f u s i v i t y .  

- That p a r t  of an atmosphere t h a t  o f f e r s  s i g n i f i -  
can t  r e s i s t ance  t o  a body pass ing  through it. 

- Retent ion of s u f f i c i e n t  thermal  energy i n  a 
m a t e r i a l  t o  r e s u l t  i n  an increase  i n  i t s  t e m -  
pe ra tu re .  

- See HEAT STORAGE. 



SLIP FLOW i -  

I SPALLING 

1 

I SPECTRAL EMITTANCE 
I 

STAGNATION REGION 

- Flow i n  the  t r a n s i t i o n  regime of gas dynamics 
(between continuum and free-molecule- flow) , 
wherein the mean f r e e  p a t h  of t h e  gas  molecules 
i s  of the  same order  of  magnitude as t h e  t h i c k -  
ness of the  boundary l a y e r .  The gas  i n  con tac t  
wi th  a body su r face  immersed i n  t h e  flow, i s  no 
longer  at r e s t  wi th  r e spec t  t o  t h e  su r face .  

- See FREE-MOLECULE FLOW REGIME. 

- The breaking or t e a r i n g  away of su r face  m a t e r i a l  
from a body due t o  l o c a l i z e d  stresses, a t t endan t  
t o  mechanical and/or thermal  loading .  

- The emittance wi th in  a narrow wavelength i n -  
terval .  

- See EMITTANCE. 

- A po in t  i n  a flow f i e l d  about a body immersed 
i n  a f l u i d ,  where t h e  f l u i d  p a r t i c l e s  have zero 
v e l o c i t y  with r e spec t  t o  t h e  body. 

- (1) The pressure  t h a t  would be a t t a i n e d  i f  a 
flowing f l u i d  were brought t o  res t  i s en -  
t r o p i c a l l y .  (This  d e f i n i t i o n  i s  gene ra l ly  
appl ied i n  a n a l y t i c a l  work.) When used 
without f u r t h e r  q u a l i f i c a t i o n  t h i s  phrase 
refers t o  condi t ions  upstream of a body 
and the a s soc ia t ed  shock f r o n t .  S tagnat ion  
pressure decreases  ac ross  a shock and varies 
from s t reaml ine  t o  s t reaml ine  behind t h e  
shock f r o n t .  

- See TOTAL PRESSURE AND RESERVOIR PRESSURE. 

(2) The pressure  of t h e  f l u i d  a t  a p o i n t  of  
s tagnat ion  (zero  v e l o c i t y )  on a body around 
which t h e  f l u i d  f lows.  
i s  widely used i n  experimental  work.) 

(This  d e f i n i t i o n  

- See TOTAL PRESSURE AND PITOT PRESSURE. 

- The region . in t h e  v i c i n i t y  of a s t agna t ion  po in t  
i n  a flow f i e l d  about a body where t h e  fluid 
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v e l o c i t y  r e l a t i v e  t o  t h e  body i s  n e g l i g i b l e .  

STANTON NUMBER 

STAGNATION TEMPERATURE 

SUBLIMATION 

SUPERSONIC FLOW 

See STAGNATION POINT, STAGNATION PRESSURE, 
STAGNATION TEMPERATURE. 
- 

- The temperature t h a t  would be r e a l i z e d  i n  a gas 
i f  it were brought t o  r e s t  i s e n t r o p i c a l l y  from 
a given flow v e l o c i t y .  If t h e  s p e c i f i c  hea t  
at constant  p re s su re  can be assumed t o  be con- 
s t a n t ,  then it i s  only  necessary t h a t  t h e  pro- 
cess  be ad iaba t i c .  

- See TOTAL TEMPERATURE. 

- The dimensionless r a t i o  of t h e  l o c a l  convect ive 
hea t  t r a n s f e r  c o e f f i c i e n t  between a su r face  and 
a f l u i d  flow, t o  t h e  product of  t h e  d e n s i t y ,  
s p e c i f i c  heat and v e l o c i t y  of t h e  f l u i d :  

h S t  = 
P cp u 

where h ,  the l o c a l  convection hea t  t r a n s f e r  co- 
e f f i c i e n t ,  i s  def ined  as t h e  r a t e  of hea t  f low 
per  u n i t  a r ea  d iv ided  by t h e  temperature  d i f -  
fe rence  between t h e  su r face  and t h e  free s t ream, 
p and cp are  t h e  dens i ty  and s p e c i f i c  h e a t  of  
t h e  f l u i d  and U i s  t h e  v e l o c i t y  of flow. The 
d e n s i t y  and v e l o c i t y  may be def ined  a t  free- 
stream condi t ions (pm, U,) o r  a t  l o c a l  con- 
d i t i o n s  such as at t h e  edge of t h e  boundary 
l a y e r .  For hypersonic flow condi t ions  : 

h - i s  sometimes rep laced  by 
P C 

where q f A  i s  t h e  hea t  f lux per  u n i t  area, 
and (He- %) i s  t h e  enthalpy d i f f e r e n c e  from 
t h e  edge o f  t h e  boundary l a y e r  t o  t h e  w a l l .  

- The phase change of a substance d i r e c t l y  from 
s o l i d  t o  gas (without  apparent l i q u e f a c t i o n ) .  

- F l u i d  flow a t  speeds g r e a t e r  t han  t h e  speed of 
sound i n  the medium under t h e  p r e v a i l i n g  con- 
d i t  ions .  

- See HYPERSONIC FLOW. 



I SWEAT COOLING 

TEMPERATURE RECOVERY 
FACTOR 

~ - .THERMAL ACCOMODATION 

COEFFICIENT 

THERMAL BOUNDARY LAYER 

THERMAL DIFFUSIVITY 

- - See TRANSPIRATION COOLING and MASS TRANSFER 
COOLING. # 

- The r a t i o  of t h e  a c t u a l  temperature r i se  ac ross  
a boundary l aye r  ad jacent  t o  an i n s u l a t e d  w a l l ,  
t o  t h e  ad iaba t i c  temperature  r ise ,  i . e .  

a3 
Ti - T 

- - 
Rt Tt - Tm 

where Ti i s  t h e  temperature  of  t h e  i n s u l a t e d  
( ad iaba t i c )  w a l l ,  T t 
and Tm i s  the  f ree-s t ream temperature .  

- An experimental ly  determined q u a n t i t a t i v e  in -  
d i c a t i o n  of t h e  i n t e r a c t i o n  process  between 
impinging molecules and t h e  su r face  of  a body 
i n  f r e e  molecule flow. It i s  def ined  as: 

i s  t h e  t o t a l  temperature ,  

where e i s  t h e  energy t r a n s p o r t  r a t e  of t h e  
inc iden t  molecules p e r  unit a r e a ,  e i s  t h e  
energy t r a n s p o r t  rate of re -emi t ted  molecules 
pe r  u n i t  a rea ,  and e i s  t h e  energy f l u x  t h a t  
would be r e f l e c t e d  from t h e  su r face  i f  a l l  t h e  
inc iden t  molecules were re -emi t ted  wi th  Max- 
we l l i an  d i s t r i b u t i o n  a t  t h e  body su r face  t e m -  
pe ra tu re .  

i 
r 

S 

- A l aye r  of f l u i d  ad jacent  t o  a boundary or 
sur face  i n  which a temperature  g r a d i e n t  occurs  
normal t o  the s u r f a c e .  The boundary l a y e r  t h i c k -  
ness i s  def ined as t h e  d i s t ance  a long  a normal 
t o  t h e  sur face  t o  a n  a r b i t r a r y  chosen p o i n t ,  
e .g . ,  where t h e  temperature  i s  9% of  t h e  f r e e -  
stream or  bulk f l u i d  va lue .  

- See, BOUNDARY LAYER, 

- A m a t e r i a l  c h a r a c t e r i s t i c  parameter def ined  as 
t h e  r a t i o  o f  thermal  conduc t iv i ty  t o  thermal  
capac i ty  (the product of s p e c i f i c  hea t  and 
dens i ty)  : 
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THERMOCHEMICAL HEAT OF - The t o t a l  of t h e  inc iden t  hea t  t h a t  a n  a b l a t i v e  
ABLATION material d i s s i p a t e s  per  u n i t  mass a b l a t e d ,  by 

mechanisms o the r  t han  r a d i a t i o n .  

See ABLATION and HEAT OF ABLATION. - 
TOTAL EMITTANCE - Emittance over t h e  e n t i r e  spectrum of  emi t ted  

wavelengths. 

- See EMITTANCE. 

TOTAL PRESSURE - The pressure t h a t  would be a t t a i n e d  i f  a f lowing 
f l u i d  were brought t o  res t  i s e n t r o p i c a l l y .  

See STAGNATION PRESSURE and RESERVOIR PRESSURE. - 
TOTAL TEMPERATURE - The temperature of a f l u i d  t h a t  would be real- 

For a n  
i zed  i f  the f l u i d  were brought t o  rest  i s en -  
t r o p i c a l l y  from a given flow v e l o c i t y .  
i d e a l  gas t h e  process  need only  be a d i a b a t i c .  

See STAGNATION TEMPERATURE. - 
f 

TRANSIENT PERIOD 

TRANSPIRATION COOLING 

- (1) The time i n t e r v a l  before  steady-state 
temperature d i s t r i b u t i o n  i s  obta ined  i n  
a heated body. 

(2) For an a b l a t i n g  body, t h e  t i m e  i n t e r v a l  
before  quas i - s teady-s ta te  a b l a t i o n  i s  
e s t ab l i shed .  

- A form of mass t r a n s f e r  cool ing  i n  which a 
body having a porous su r face ,  i s  cooled by 
t h e  cont ro l led  flow of a heat-absorbing f l u i d  
from wi th in  t h e  body through t h e  hea ted  su r face .  
Cooling i s  accomplished through abso rp t ion  of  
hea t  by the coolan t  f l u i d ,  and th ickening  of  
t h e  boundary layer r e s u l t i n g  i n  r educ t ion  o f  
t h e  temperature g rad ien t s  normal t o  t h e  sur- 
f ace .  

See MASS TRANSFER COOLING and INJECTION 
COOLING. 
- 



1 VELOCITY BOUNDARY LAYE3 

I 

- That l aye r  o f  f l u i d  ad jacent  t o  a boyndary o r  
sur face  i n  a stream, i n  which a v e l o c i t y  g r a d i -  
en t  occurs normal t o  t h e  sur face .  The v e l o c i t y  
boundary layer  t h i ckness  i s  def ined  as t h e  
d i s t ance  along a normal t o  t h e  sur face  t o  a n  
a r b i t r a r i l y  chosen po in t ,  e .g . ,  where t h e  ve loc-  
i t y  i s  9% of t h e  f ree-s t ream va lue .  

- See BOUNDARY LAYER. 

- 
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APPENDIX 

The organiza t ions  and ind iv idua l s  l i s t e d  below, con t r ibu ted  information 
and eva lua t ions  of terminology and d e f i n i t i o n s ,  which were e s s e n t i a l  i npu t s  
t o  t h i s  g los sa ry .  
Panel  f o r  t h i s  p r o j e c t  involving terminology and d e f i n i t i o n s  used i n  t h e  t ech -  
nology of thermal  p r o t e c t i o n  systems as appl ied t o  aerospace v e h i c l e  systems. 
The d e f i n i t i o n s  given f o r  t h e  unde r l ined te rms  and phrases  were developed on 
t h e  b a s i s  of :  t h e  preferences  i n d i c a t e d b y  t h e  p a n e l i s t s  from among a l te r -  
na t ive  d e f i n i t i o n s  provided i n  a series of b a l l o t s ;  t h e  modi f ica t ions  t o  t h e  
b a l l o t e d  d e f i n i t i o n s ,  recommended by t h e  p a n e l i s t s ;  and d e f i n i t i o n s  submit ted 
by t h e  p a n e l i s t s  as p re fe r r ed  over those  a l t e r n a t i v e s  provided i n  t h e  b a l l o t s .  

These p a r t i c i p a n t s  comprised a C r i t i c a l  Review and Ba l lo t ing  
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General Dynamics/Fort Worth 

B.  F .  Goodrich Company 
Research Center 
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Grumman A i r c r a f t  Engineering Corporation J. T .  Graham 
L.  G .  Kaufman 
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